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DERBYSHIRE ESTATES PAVEMENT INSPECTION 
Introduction 
The subject project was constructed in the fall of 1988. Soon 
after construction, the pavement began to deteriorate. Areas of 
alligator cracking were observed along with extensive rutting and 
pushing of the asphaltic concrete. Distresses occurred soon after 
the roadway was completed. Personnel of the Jefferson Co. Public 
Works Department requested that Kentucky Transportation Center 
(KTC) personnel make a preliminary inspection. 
Kentucky Transportation Center (KTC) personnel conducted 
preliminary tests at the site on July 11, 1989. Results of tests 
were outlined in a letter to Schimpeler - Corradino Associates, on 
July 19, 1989. After review, of those results, Schimpeler 
Corradino principals requested that additional testing be 
performed. 
KTC personnel were provided with a testing plan which outlined 
specific testing locations. After review, the testing locations 
were accepted with the addition of one test location. 
Testing and sampling were conducted from July 22 through July 24, 
198 9. 
Field Sampling 
Samples were obtained from 16 test locations. A brief 
description of the condition of the pavement at each location is 
given in Table 1. At each location, the asphaltic concrete was 
removed, measured, and bag samples collected. The thickness of 
the dense-graded aggregate (DGA) was also measured. Results are 
summarized in Table 2, including the field moisture contents of 
the DGA and subgrade. 
Moisture and density measurements were conducted on the 
exposed DGA using the nuclear density meter. Those tests were 
performed at the surface and at a depth of 4 inches. The results 
of these tests are listed in Table 3. Bag samples of the DGA were 
obtained at each location. 
In-place CBR tests were performed at selected locations. 
Those locations and respective CBR values are listed in Table 4. 
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Undisturbed shelby tube samples were obtained at each 
location. Where possible, two tubes were pushed and in other 
areas. one shelby tube was pushed to refusal. The shelby tube 
locations and the depths of each tube are listed in Table 5. Bag 
samples of the subgrade were obtained at sites 5, 11, and 13. 
Laboratory Analysis 
The following laboratory tests were performed on the collected 
field samples. 
1. Standard Proctor Tests on bag samples from sites 5 
and 11 (KM 64 -511-80) 
2. Standard Proctor Tests on DGA (KM 64 -511-80) 
3. Specific Gravity Tests on the DGA. 
Fine Aggregate (KM 64 -605-85) 
Course Aggregate (KM 64 -607-74) 
4. Moisture content and density measurements on selected 
shelby tube samples. 
5. Kentucky CBR test on the samples used for the Proctor 
tests (KM 64 -501-80). 
6. Density measurements on asphalt cores obtained form 
the bag samples. 
7. Asphalt extractions and viscosity tests on the 
asphalt bag samples (KM 64-4 -5-85). 
Laboratory test results 
exception of the laboratory 
follows. 
are listed in Table 6. with the 
CBR' s which will be outlined as 
Two sets of laboratory CBR tests were conducted. The first 
was conducted using the Kentucky method and the second was 
conducted using the Kentucky Method for compaction of specimen at 
six percent below the optimum moisture content. This test was 
performed to simulate conditions which may have existed in the 
field at the time of construction. Samples were soaked and allowed 
to swell and results are listed in Figure 5. 
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Summary and Conclusions 
1 A visual examination of the soil samples obtained from 
the shelby tubes indicates that topsoil was removed before 
construction of the roadway embankments. At five sites, (see Table 
5) there was less than two feet of soil above bedrock. 
2. Specifications designated two inches of asphaltic concrete 
base. The average thickness of all 16 sites sampled was 1. 97 
inches. However, at three sites, the thickness was 1.5 inches or 
less (see Table 2). 
3. The average thickness of the DGA was 5.76 inches. Three 
sites had only 4.5 inches of DGA. The design thickness of the DGA 
was 8.0 inches. 
4. It appears the subgrade may not have been sufficiently 
compacted. This statement is supported by the large difference 
between CBR values of the in-place subgrade and CBR values of 
properly compacted laboratory specimens. The in-place CBR's 
averaged 1.84, while for laboratory specimens CBR' s (compacted at 
optimum conditions) were 4.6 and 10.0 for Sites 11 and 5, 
respectively. 
The contractor' s personnel stated that the subgrade was 
compacted in very dry weather. As a result, it is possible the 
subgrade was compacted dry of the optimum moisture content. The 
dry soil would have appeared very hard and apparently well 
compacted. However, the soil in that state would have a great 
affinity for water, and it would absorb more water than if it had 
been compacted at optimum moisture content. When dry soil absorbs 
water, it will swell and lose considerable strength. This appears 
to be comfirmed by the two laboratory CBR tests performed on the 
soil obtained from Site 5. The specimen compacted at optimum 
moisture content swelled less than did the specimen compacted at 
a moisture content that was six percent less than the optimum 
moisture content. Also, the CBR value (10.0) for the specimen 
compacted at optimum moisture content was almost double the CBR 
value (5.65) for the specimen compacted at below optimum. 
This trend was not evident for the two CBR specimens compacted 
from soil obtained at Site 11. The soil from Site 11 contained 
more clay. Consequently, it required considerable more time for 
the specimen compacted at six percent less than the optimum 
moisture content to swell. This is evident from the slope of the 
swell curve shown in Figure 7. The slope of the curve was still 
relatively steep (indicating the rate of water absorbtion was 
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relatively high) when the test was terminated. 
of the test was terminated before completion 
n traints. 
The soaking stage 
because of time 
The in-place moisture contents of the subgrade specimens 
obtained from the shelby tubes averaged 25 percent. The moisture 
contents of the field collected specimens averaged 26 percent. 
These averages range from five to ten percent above the optimum 
moisture contents of 16 percent and 21 percent from Sites 5 and 
11, respectively. It appears the subgrade has absorbed a 
considerable amount of water and is probably around 93 percent 
saturated. This last number was calculated assuming a specific 
gravity of 2.70 and the average dry density of 98.3 pounds per 
cubic foot that was obtained from the shelby tube subgrade 
specimens (see Table 6) 
5 .  Gradation of the DGA was within specifications. The 
moisture content was close to the optimum. However, the density 
apparently did not meet specifications. The required density for 
this particular limestone was 141.5 pounds per cubic foot. This 
is based upon the requirment that the density of the DGA must equal 
or exceed 84 percent of the solid density of the limestone 
aggregate. The specific gravity of this limestone was 2.70. This 
value multiplied by the unit weight of water (62.4 lb/ft') yields 
168.5 pounds per cubic foot, of which 84 percent equals 141.5 
pounds per cubic foot. The average density of the DGA at the 
surface was 131.9 pounds per cubic foot (78 percent) . At four 
inches deep (near the bottom), the average density was 139.7 pounds 
per cubic foot (83 percent). 
6. The asphalt content of the asphaltic concrete base was 
within specifications. The gradation does not meet specifications. 
The material is finer than a Kentucky Class I base. Viscosity 
tests on the recovered asphalt cement were inconclusive, and no 
definite statement can be made concerning the viscosity grade. 
However, visual inspection of the base material indicated a 
mulitude of hairline, parallel cracks in the mat. This could 
indicate that the freshly placed mat was rolled while the material 
was too hot. In addition, at some of the sites, a large number of 
random hairline cracks were present. This could indicate that the 
mixing temperature of the material was too hot. It should be noted 
that this last conclusion is based upon visual observations only. 
7. In summary, it appears that massive early failures were 
largely due to an improperly constructed subgrade, an inadequately 
compacted DGA, and thicknesses that were less than specified in 
design. Also, the asphaltic concrete base does not meet gradation 
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requirements and visually appears to have considerable destress 
(even where the subgrade has not failed) . 
Recommendations 
There are two basic approaches for repairing this project. 
The first is to remove the existing pavement structure, including 
the subgrade, and completely reconstruct the entire pavement 
structure. This would be very expensive, and would require 
considerable time. The second alternative would be to leave the 
present structure in place, and overlay it with additional 
asphaltic concrete. In areas where the pavement has failed, the 
pavement and DGA should be removed, and the DGA recompacted and 
backfilled to the level of the present asphaltic concrete base 
surface. 
To determine the additional quantities of asphaltic material 
needed on the present structure to permit an acceptable level of 
service for a 20-year design life (most pavements are designed for 
a 20-year life), a pavement thickness analysis was performed. From 
that analysis, it is recommended that an additional 2.0 inches of 
asphaltic concrete base be placed on the existing failed pavement, 
a 1.5-inch layer of asphaltic binder, and a riding surface of 1.5 
inches of asphaltic concrete surface material. This is a total 
addition of 5.0 inches of asphalt bound material. 
The method of analysis used was the 1986 American Association 
of State Highway and Transportation Officials (AASHTO) Pavement 
Design Guide. The following is a list of all the assumptions that 
were used in the analysis. 
1. The subgrade CBR = 1.5. 
2. Resilient Modulus = 2250 pounds per square inch. 
3. The failed asphalt was assigned the same strength 
values as DGA. Therefore, it was assumed that there 
were 7.75 inches of DGA (5.75 inches actually present 
plus 2.0 assumed from the asphaltic base). 
4. The Average Daily Traffic was assumed to be 400 vph. 
5. One percent trucks were assumed. 
6. All trucks were assumed to be combination five-axles 
weighing 80, 000 pounds. 
7. The assumed design life was 20 years. 
9. Reliability factor was 0.80. 
10. Standard Deviation was 0.45. 
11. The initial serviceability index = 3.5. 
12. The terminal serviceability index = 2.0. 
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Table 1. Pavement Conditions 
=============================================================== 
Slte 
Number 
Pavement Cond' 
=============================================================== 
1 Alligator Cracking and Rutting 
2 Alligator Cracking 
3 Alligator Cracking and Rutting 
4 Alligator Cracking 
5 No Visible Distress 
6 Alligator Cracking 
7 Alligator Cracking and Rutting 
8 Slight Alligator Cracking 
9 Alligator Cracking and Rutting 
10 Alligator Cracking, Rutting and Shoving 
11 Alligator Cracking and Rutting 
12 Alligator Cracking 
13 No Visible Distress 
14 No Visible Distress 
15 No Visible Distress 
16 Alligator Cracking and Rutting 
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Table 2. Material Thicknesses and Field Moisture Contents 
�================================================================ 
----------,S�l�,t�e�---------,T�h�l�·c�k"n"'e,.s"s�e,.so-T(l'-n�c�h�e><s�)�----,MMovlhs�t�unr�e><c-,o�rrtent���T-----------� 
Number AC DGA DGA Subgrade 
================================================================= 
1 2.000 6.0 4.40 37.83 
2 1.875 6.5 3.97 23. 64 
3 1. 500 7.0 5.35 2 8.42 
4 2.125 5.5 5.22 2 2.15 
5 1. 375 7.25 4.09 2 2 .58 
6 2.5 4.5 3.77 23.01 
7 1. 625 4.5 4.35 28.00 
8 1. 75 4.25 5.74 27.09 
9 2.0 6.75 4.79 29.56 
10 2.25 4.5 5.29 26.02 
11 2.25 6 7.32 21.33 
12 2.25 5.25 5.49 29.17 
13 2.5 6.75 4.93 -----
14 2.375 6.5 4.3 2 2.53 
15 1. 25 4.75 6.2 25.2 2 
16 2 6.25 5.17 24.77 
Average 1. 97 5.76 5.02 26.12 
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Table 3. DGA Density Test Results (Nuclear Gage) 
============================================================== 
Site 
Number 
Surface (Back Scatter) 
Dry Moisture 
Density Content 
(lb/ft3) (%) 
4" Deep 
Moisture Dry 
Density 
(lb/ft3) 
Content 
(%) 
============================================================== 
1 134.4 6.2 135.0 6. 6 
2 126.4 5.9 131.3 5.5 
3 134.6 7.0 140.4 6.7 
4 139.3 5.6 141.7 5.4 
5 137.0 5.7 140.2 5.2 
6 134.6 6.4 137.1 6.2 
7 131.8 5.9 136.3 5.1 
8 123.0 7.8 135.4 6.9 
9 121.0 6.4 143.4 5.2 
10 128.0 6.8 133.3 6.3 
11 134.5 6.7 143.3 6.5 
12 120.3 6.9 134.9 6.0 
13 135.4 6. 0 147.2 5.3 
14 135.3 6.2 147.6 5.4 
15 132.8 5.9 142.0 5.6 
16 141.8 5.4 145.8 5.3 
Average 131.9 6.3 139.7 5.8 
DGA Density Results (Sand Cone) 
Site Dry Moisture 
Number Density Content 
( lb/ ft 3) (%) 
1 139. 85 4.58 
16 133.4 5.11 
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Table 4. In-Place CBR Test Results 
============================ 
Number CBR 
(%) 
============================ 
4 1. 58 
5 3.66 
6 2.00 
10 1. 53 
11 0.95 
14 1. 32 
Average 1.84 
Table 5. Shelby Tube Sites and Depths 
================================================================= 
Site 
Number Tube Depths 
================================================================= 
1 0-2, , 2'-3', 4.5'-5.5', 5.5'-7.5' 
2 0-2, , 2'-3.5' 
3 2" of soil then rock 
4 0-8" then rock 
5 0-2, , 2, -4, 
6 0-2',2'-4' 
7 0-2', 2' -4' 
8 0-2' then rock 
9 0-21.5" then rock 
10 0-2,, 2'-3.5' 
11 0-2, , 2'-4' 
12 0-2,, 2'-4' 
13 0-21.5" then rock 
14 0-2, , 2, -4, 
15 0-20", 20"-40" then rock 
16 0-17.5" then rock 
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Table 6. Summary of Laboratory Results 
================================================================= 
SOIL DENSI!i MEASUREM 
Density 
Site Moisture (lb/ft3) 
Number Content (%) Wet Dry 
2 25.12 124.6 99.6 
11 27.32 12 2.1 95.9 
12 27.32 121. 8 95.7 
13 2 2.17 127.45 104.3 
15 24.15 118.9 95.8 
Average 25.2 123.0 98.3 
================================================================= 
STANDARD PROCTOR DENSITY RESULTS, SOIL AND DGA 
Figures 2, 3, 4, and 5 
Site 
Number 
5 
* 11A 
11B 
DGA 
Moisture 
Content 
(%) 
16.1 
20.9 
20.6 
6.7 
Dry 
Density 
(lb/ft3) 
109.2 
102.7 
102.8 
145.9 
The gradation of the DGA is given in Figure 6. 
* indicates sample from preliminary testing 
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Table 6. cont. 
=============�=================================================== 
LABORATORY CBR RE-5m'P3 (l\y • Met--l:wd+--------------------­
The swell measurements are given in Figure 7. 
Site 
Number 
5 
5 
11 
11 
Description CBR 
At Optimum 10.0 
Moisture 
6% Dry of 5.65 
Optimum 
At Optimum 4. 62 
Moisture 
6% Dry of 
Optimum 
5.16 
Moisture 
Content 
(%) 
Top At After 
1" Comp. Comp. 
21.5 15.3 16.7 
22.7 11.1 17.5 
27.7 19.5 21.3 
30.3 13.61 17.7 
Dry 
Density 
(lb/ft3) 
At After 
Comp. Comp. 
119.3 114.4 
117.0 111.5 
111.3 1 0 8 . 3 
123.6 116.0 
=============================================================== 
ASPHALT DENSITY MEASUREMENTS 
Site 
Number 
6 
8 
11 
Average 
Density 
(lb/ft3) 
135.6 
134.0 
139.1 
136.3 
============================================================== 
ASPHALT EXTRACTION, GRADATION, AND VISCOSITY TESTING 
Asphalt Content (%) 5.50 
Viscosity Inconclusive 
The gradation is listed in Figure 1. 
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Table 6. cont. 
=============================================================== 
SPECIFIC GRNliTY 
SSD Specific Gravity of Coarse Aggregate - 2. 71 
SSD Specific Gravity of Fine Aggregate - 2. 69 
Combined SSD of DGA - 2.70 
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